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           
 
  
   
        
  
   
  
       






   
       
   
  
    
            










    


              





   

 




              







   
  
   
 
CIRCULATING INSULIN STIMULATES FATTY
ACID RETENTION IN WHITE ADIPOSE
TISSUE VIA KATP CHANNEL ACTIVATION IN








         






    











            
          
          
  
       

     
       
 

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  
    
         

Surgical procedure
      
  

          





   
 
Preparation of radiolabeled emulsion particles














        

  










            


    
     





            

            

     
 
     
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   
           
      
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The effect of i.c.v. insulin administration on FA retention in WAT is independent







The effect of i.c.v. insulin administration on FA retention by WAT is dependent on
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The effect of i.c.v. insulin on FA retention in WAT is lost in diet-induced obesity
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KATP channel blockage does not affect circulating insulin-stimulated FA retention
by WAT in diet-induced obese mice
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            
          
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          
     
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         
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
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            
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
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     
  
          
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Lateral ventricle NPY administration does not affect hepatic VLDL production
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
CHAPTER 3
         
      
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
          
         













        
         
 

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Third ventricle NPY administration stimulates food intake in mice

      
        
         
Third ventricle NPY administration does not affect hepatic VLDL-TG production
  
            





















    
  

    
           




   

































    

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  




























     
 
          













     
 
  
    

    
 

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GLP-1 RECEPTOR ACTIVATION INHIBITS
VLDL PRODUCTION AND REVERSES
HEPATIC STEATOSIS BY DECREASING










      
        


             
       
       
     
     
 

             
  
        






         
           
   











           





   
 
          
 

























      




















         
         








         
  
 
      
 
 
        
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Hepatic lipid content












Hepatic gene expression analysis
            
         
     

           













GLP-1 receptor agonism reduces body weight and fasting plasma glucose and





     
     
    
    

      

            

GLP-1 receptor agonism reduces hepatic secretion of VLDL particles without
affecting particle composition
   




    


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GLP-1 receptor agonism reverses high fat diet-induced hepatic steatosis





    
  
  
    

 
          

   

        






   
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GLP-1 receptor agonism affects hepatic expression of genes involved in VLDL
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      

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       
    
         






         
 
          












   
          
 
           









               

 


















              
    




   
            
 
   
 

             
 
 












       




       
 
  
               
   






    

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ABSTRACT
          
        

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RESULTS
Exendin-4 reduces hepatic VLDL-TG production independent of dietary fat intake.
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      


          

  
           
      


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
           
    

 





      

          
 
         

    
  

   
           
               
         
        
          

CHAPTER 5
      














         
 
         
 























      
 
           

               












          











   
 
         
  






     
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          
 






























   
            
 
             
   
             
    
      
   
         
 
           
            
 
          

    
  
 
   
 
 
               
   
                
   

    
  

   

   





              

  
          

  
   


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   

 
          





                

 
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ABSTRACT
        
            








         


              

 
       
         
       












             
        










          
      
       
       













         

       
   
   






   

     

 
        
         
        
   







         
    















           

Hepatic gene expression analysis
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LDL isolation, radiolabeling, and oxidation
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OxLDL uptake by peritoneal macrophages and Oil-red O staining for foam cells
          
 




        
      
         
 
  
       












Exendin-4 reduces plasma glucose and insulin levels
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Exendin-4 decreases plasma VLDL and slightly increases HDL
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
CHAPTER 6
Exendin-4 largely suppresses atherosclerosis development and monocyte
recruitment in the aortic root
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Exendin-4 reduces the liver lipid and macrophage content
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           
     
    
  

          
 
         

          
 
          
   
              


Exendin-4 does not affect circulating antibodies against oxLDL, but reduces
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







             
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   
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          
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







          
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
         
   
           
            
      
         


         
        
            
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            
   















          
        
    
       

      
  
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
   
 
    
                
           





















   
 
  
    






    
      
 
 
   
 
    
 
  
             





















             
    










TRIGLYCERIDES BY PROMOTING VLDL-
TRIGLYCERIDE CLEARANCE BY BROWN
ADIPOSE TISSUE IN MICE7






     
      


      


         









         
        

     







      
    
              
 
        






         
       

     

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       


     
 











Animals, diet, and metformin treatment




   
      
    
            

   
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CHAPTER 7
Plasma lipid and lipoprotein analysis
            
    
       


           










    

 
    
  




   
 





















     
    
 
   
    
        
 




















    
 




    





     
   
 







Metformin promotes VLDL-TG clearance by brown adipose tissue


         

          













   
     

                 










    
          
        
       
          
         
         
       
       
       
         
       
         
        
        
        
        
        
        
         
       
         
        
        
        
       
        
        
        
        
        
        
        
       
        
        
       

CHAPTER 7
Metformin increases AMPK activity and mitochondrial content in brown adipose tissue
         
          


         
     

    
 





           












   
      
   
          
       
           
 






           











    


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
   
          




















            
        

     
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        
         
 
       
        
 
 
         
      







            
    
         














            
         


































    
 
  
          




    











   
 
    
 
 
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
          
     
 
  
         
   
  

    
 
   
 
  




     







       
    





          
   
  
  
           
  
 
     
   
 

        









    
 




   
   
        
   
  












      
 
               
     
          
  
 
          
  

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 
    
    
    
     
    
     
      
     
    
     
     
    





   
    
     
     
     
     
     
    
    
    
     
    
    
     
    
    
    
    
    
     
    
     
    
    
    
    
     
     
    
     
     
     
    
      
     
    


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
   
    
    
      
     
     
    
     
    
     
     
    
     
    
    
    
    







    
         
       
        
       
         
       
       
       
         
       
        
       
       
         
        
       
        
         
       
         
         
         
       
         
        
         
        
        
        
       
        
         

METFORMIN PROMOTES VLDL-TG CLEARANCE BY BAT
 7








           








AGGRAVATES HIGH FAT DIET INDUCED
OBESITY DUE TO IMPAIRED CENTRAL













    
     












             
         
       
       




           

  
               
    




   
          
   
 











   










       
  





   






Plasma and liver lipid analysis
           























Determination of adipocyte differentiation capacity
      
  
        
        
Indirect calorimetry/metabolic cage analysis
















          
  





      









Intravenous ApoA5 injection and food intake test
             
            
 







Lateral ventricle cannulation and I.c.v. ApoA5 injection and food intake test
 

























High fat fed Apoa5  mice are hyperlipidemic and have severely impaired lipid
clearance
  
          
          
     
  
   






    
     
     
     

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      
        
 

    








Apoa5  develop aggravated hepatic steatosis and insulin resistance upon HFD feeding
          
          
   
 

        
           
 
       

 
    

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  
               
 






    




      

 
    





          




Adenovirus mediated gene transfer ofApoa5 to Apoa5  mice reduces food intake
  
           





         
 
       
  
       
    
           
          

    


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Peripheral and central ApoA5 protein administration reduce food intake
       


   
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          
        

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          
     
         
    
             
           
   
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        


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
   
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        
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
 
















    
 
 






     
 
           
  
  






   
   
   
   
 
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   
 
 
   
  
  
                
    
    






   
 
   














               
  
   
















   
  

             
 
  


















             

 
            
   

      
 
  
   
   
 












   
          
            
       
       




















    








SYMPATHETIC REGULATION OF HEPATIC TG METABOLISM




























           
           
        
            








       




          
     




         
      
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       
     

    




           









           
              
  





           






         







    


     









               
            
    
       


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             







        



















        

          

      
  

        






SYMPATHETIC REGULATION OF TG METABOLISM IN BAT
          




            

        
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        

 
          
         
       
         




     

 
   


           










      
 




            

      







           
        
        
         

        
      

        





         
 










     
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     
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      
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
         
            
      

  












      
      
        







































   
  
     
    
  
 
         
  
                
         

           







                
           
  
         









             
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